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Abstract The current pandemic COVID-19, caused by
the SARS-CoV-2 virus, has been affecting thousands of
people worldwide, promoting high numbers of deaths.
With this, the world population is going through a
process of changing habits, with social distance, im-
provement of hygiene techniques, to reduce the spread
of the SARS-CoV-2 virus and, consequently, reduce the
number of hospitalized people in serious condition, as
well as the mortality rate. This scenario has been pro-
moting a continuous search for researchers, in the most
varied areas, for possible methods of prevention or cure.
Specifically, in the field of pharmaceutical nanotechnol-
ogy, a variety of products are being developed against
SARS-CoV-2. Under these circumstances, we propose
here an exposition of some of the nanotechnological
products (nanoscale between 1 to 1000 nm) currently
designed for the detection of the virus, for the prevention
and treatment of COVID-19, in addition to equipment
for personal protection. We believe that pharmaceutical
nanotechnology will be a valuable tool in the disease

from the development of products that guarantee our
protection against the SARS-CoV-2 virus.
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Introduction

Pharmaceutical nanotechnology is an emerging technol-
ogy that can be used in a wide range of products,
including medical, food, and cosmetics (FDA 2014).
These products are the ones in the nanoscale range, with
sizes ranging from 1 to 1000 nm. They may have
different chemical or physical properties or biological
effects when compared to products with a larger scale
(Melo et al. 2015; Jeevanandam et al. 2018; Khan et al.
2019). Currently, there are 8879 nanotechnology prod-
ucts registered in the Nanotechnology Products Data-
base, of which 2467 companies are responsible for the
production, spread in 62 countries worldwide
(Nanotechnology Products Database 2020).

Nanotechnology allows the increase of the bioavail-
ability of a drug, as well as reduction of the dose and
improvement of the therapeutic effect, in addition to the
decrease of its toxicity. In the food area, it can be used in
the production of food packaging, microbiological pro-
tection, or improved delivery of a functional ingredient
or nutrient. Besides, it can also be applied in the detec-
tion of pathogens (He and Hwang 2016; Singh et al.
2017; Jampilek et al. 2019). Currently, as will be de-
tailed in this manuscript, several nanosystems are being
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developed and tested in the most diverse areas, such as
virology, medicine, chemistry, biomedical, pharmaceu-
tical, engineering, computational science, and techno-
logical, focusing on the development of protective and
prevention equipment for SARS-CoV-2, as well as in
the diagnosis and treatment of COVID-19 (Weiss et al.
2020). Figure 1 illustrates examples of the main nano-
systems chosen by several companies for the develop-
ment of their products.

COVID-19 is an infectious disease caused by the SAR-
CoV-2 virus, belonging to the coronavirus family. It was
responsible for the pandemic outbreak that began in China
in 2019 and has been affecting the world, infecting
21,294,845 people and causing 761,779 deaths (data ob-
tained on August 16, 2020) (Li et al. 2020a; Mackenzie
and Smith 2020; Chakraborty and Maity 2020; WHO
2020a). Currently, there is no therapeutic choice available
that inhibits the proliferation of the virus, which has
caused an outbreak in health systems, leading thousands
of people to be hospitalized, requiring mechanical respi-
rators, since the virus has high attractiveness to the respi-
ratory system (Alhazzani et al. 2020; Giwa et al. 2020).

In addition to overcrowding in the health system,
exposing health professionals who are on the frontline
against the pandemic, the economy has felt a significant
impact due to the determination of the World Health
Organization, which emphasizes that social distancing is
the main form of prevention against the virus, avoiding
crowding as well as contact between people (Oliveira
et al. 2019; Chopra et al. 2020).

Despite the challenges in finding the most suitable
therapy and the best way to reduce transmission of the
virus, pharmaceutical nanotechnology can be a valuable
tool. Focused not only on the development of vaccines
and drugs with virus targeting but also on the develop-
ment of equipment that minimizes people’s exposure to
viruses and allowing their safety, maintaining the daily
routine of each person in the world. The information
about all nanotechnological products used in this man-
uscript was collected from the Nanotechnology Prod-
ucts Database Web site. This specialized site aids the
dissemination of nanotechnological products that are
being developed and tested to be inserted in the market.

Nanotechnology in the detection of SARS-CoV-2

The diagnosis of SARS-CoV-2 depends on the knowl-
edge of the viral structure as well as its genetic material.

Viral replication occurs from virus adsorption to host
cells to the release of new viral particles, in which
SARS-CoV-2 is released by budding and adsorbed in
neighboring cells (Astuti and Ysrafil 2020; Li et al.
2020b). Currently, the tests used for the detection of
SARS-CoV-2 are C-reactive protein (CRP) and serolo-
gy, in which CRP confirms the presence of the virus
using a piece of genetic code to identify it. At the same
time, the serological is based on the immunological
response to the virus (Udugama et al. 2020).

The serological examination allows detecting the
levels of IgM and IgG antibodies in a blood sample of
patients, and it is advisable to perform this test from the
seventh day after the onset of symptoms, being neces-
sary time for the production of antibodies (Zhao et al.
2020; Li et al. 2020c). CRP is capable of detecting the
presence of the virus, being performed from material
collected from the throat and nose, as well as in lung
secretions, detecting the genetic material of the virus in
the patient’s sample. CRP can identify the presence of
the virus on average until the day of symptoms
(Udugama et al. 2020; Tang et al. 2020).

Focused on the development of efficient and fast
approaches for the diagnosis of COVID-19, US re-
searchers designed a rapid test based on gold nanopar-
ticles, thereby maximizing the sensitivity and reliability
of the tests. The authors attached a specific molecule to
the gold nanoparticles that detect a particular protein
from the genetic sequence of the SARS-CoV-2 virus.
This occurs when the biosensor binds to the virus’s gene
sequence, and the gold nanoparticles respond by
transforming the liquid reagent from purple to blue.
According to the developers, the test, based on the use
of gold nanoparticles, will not allow false positive nor
negative results, as the nanoparticles interact directly
with the specific genetic sequence of the virus, in addi-
tion to allowing diagnosis in 10 min (Draz and Shafiee
2018; Nanotechnology Products Database 2020). Gold
nanoparticles are widely used for a biosensing applica-
tion (due to their biocompatibility, optical and electronic
properties, besides their relatively simple production
and modification). Gold nanoparticles serve as markers
when antibodies or DNA strands are attached to their
surface. Also, these nanoparticles can form a powerful
transduction platform for the detection of unique mole-
cules (Holzinger et al. 2014; Malekzad et al. 2017).

Gold nanoparticles have been widely used for the
diagnosis of several viruses (Holzinger et al. 2014;
Malekzad et al. 2017; Draz and Shafiee 2018; Hamdy
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et al. 2018). This use is because they allow the coupling
of biological molecules forming hybrid structures Bio-
AuNP, promoting a target detection of the virus, thereby
increasing the sensitivity of the test, a better detection
range, and reduction in detection time (Draz and Shafiee
2018). Researchers in the UK also used gold nanoparti-
cles for the development of a rapid detection kit for IgG
and IgM antibodies, achieving the results in 10 min
(Nanotechnology Products Database 2020).

Seeking to develop a biosensor for the detection of
SARS-CoV-2, Qiu et al. (2020) used two-dimensional
gold nanoparticles functionalized with complementary
DNA receptors. This dual-functional plasmid biosensor
combines the plasmatic photothermal effect with local-
ized plasmon resonance transduction, showing high
sensitivity to SARS-CoV-2 with a lower detection limit
up to a concentration of 0.22 pM, in addition to allowing
accurate detection in a multigenic mixture.

Zhu et al. (2020) proposed a diagnostic technique for
COVID-19 using nanoparticles, to which they created
an isothermal amplification mediated by a multiplex
reverse transcription loop coupled to a nanoparticle-
based lateral flow biosensor. The results showed that
the analytical technique showed a sensitivity of 100%
for SARS-CoV-2, after the analysis of 33 oropharyngeal
samples from patients with COVID-19. In addition, they
showed 100% specificity after analyzing 96 samples
from patients without COVID-19.

For the diagnosis of COVID-19, it requires samples
collected in the nose or throat, which should preferably
be transported in refrigerated media. However, refriger-
ated means of transport are not universally available. It
is subject to worldwide scarcity, leading to the risk of
compromised tests due to drying, contamination, or
degradation of the samples, especially if transported at
room temperature (Druce et al. 2012; Nanotechnology
Products Database 2020). With this in mind, researchers

in Singapore developed a sample collection kit contain-
ing an RNA stabilization fluid, using nanotechnology.
The kit allows viral RNA to remain stable at room
temperature for up to a week, facilitating its transporta-
tion (Nanotechnology Products Database 2020). Table 1
lists COVID-19 diagnostic tests developed based on
nanotechnology.

Nanotechnology for the prevention and treatment
of COVID-19

One of the major problems to reduce SARS-CoV-2
damage is the absence, until now, of effectively and
safely treated with few unwanted side effects. The best
approach to introduce rapid therapy is to test drugs that
are already available on the market, as these have a
safety profile previously widely studied (Dorward and
Gbinigie 2020; Singh et al. 2020). Nevertheless, the
pathophysiological characteristics of COVID-19 should
be taken into consideration, since drugs, as an example
of hydroxychloroquine and chloroquine, present a pre-
disposition to the development of cardiotoxicity in pa-
tients with COVID-19 (Monteiro et al. 2020; Driggin
et al. 2020; Mehra et al. 2020).

Several drugs are being tested and listed as possible
treatments for COVID-19, including chloroquine,
hydroxychloroquine, ritonavir, ribavirin, umifenovir, in-
terferon, nitazoxanide, remdesivir, and favipiravir
(Sanders et al. 2020). Despite the wide variety of drugs
tested, there is still no consensus about an effective and
safe therapeutic alternative. According to the literature,
nanotechnology provides advantages from the use of
nanosystems, such as liposomes, polymeric and lipid
nanoparticles, metallic nanoparticles, and micelles, for
the encapsulation of drugs, promoting the improvement
of pharmacological drug properties (Youssef et al. 2019;

Fig. 1 Examples of nanosystems intended as an alternative against COVID-19. Gold nanoparticles containing proteins on the surface (a).
Lipid nanoparticles for carrying genetic material (b). Chitosan nanoparticles (c). Targeted liposomes with proteins on their surface (d)
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Lombardo et al. 2019; Weiss et al. 2020). Nanotechnol-
ogy could provide safety and effectiveness for the treat-
ment of COVID-19, enabling the encapsulation of
drugs, their targeting at specific sites, and the reduction
of drug toxicity (Lombardo et al. 2019; Weiss et al.
2020; Peng et al. 2020).

Another challenge in the treatment of COVID-19 is
that some compounds after dilution, lose their effective-
ness as the virus-compound complex dissociates. As a
consequence, this allows the virus, when free, restarts
the replication cycle. From the use of nanoparticles,
there is a possibility of irreversibly inhibiting viral in-
fectivity, as nanoparticles permanently cause damage to
the virus (Weiss et al. 2020).

Researchers from Cyprus have developed chitosan
nanoparticles for aerosol application, which allows the
adhesion and targeting of drugs to the epithelial tissues
of the lung and ensures controlled release, thereby
reducing the toxicity profile of the drugs (Novochizol
2020). The authors state that chitosan nanoparticles,
called Novochizol, allow the encapsulation of several
drugs to carry them to the lungs to treat severe COVID-
19 infections. According to the developers of this
product, Novochizol aerosols can provide a therapeutic
dose to a patient for a period ranging from 25 min to 3 h
(Nanotechnology Products Database 2020;
Novochizol 2020).

Chitosan has been widely used for the development
of nanoparticles due to its biodegradability as well as
its low toxicity both in vitro and in vivo models
(Mohammed et al. 2017). Chitosan nanoparticles pres-
ent several applications in drug administration for the
treatment of cancer, gastrointestinal diseases, carrying
drugs to the brain, as well as in the treatment of lung
diseases and infections (Grenha et al. 2005;
Pourshahab et al. 2011; Demir and Degim 2013;
Islam and Ferro 2016; Mohammed et al. 2017; Wei
et al. 2020). Furthermore, studies show the applicabil-
ity of chitosan nanoparticles in the transport of drugs to

the lung (Grenha et al. 2005; Pourshahab et al. 2011;
Islam and Ferro 2016), thus being a useful alternative
for the transport of drugs focused on the treatment of
COVID-19.

Due to its mucoadhesive properties, chitosan nano-
particles can also be used to treat reactions caused in the
intestinal tract due to the development of COVID-19
(Ways et al. 2018). According to Zuo et al. (2020), the
infection of SARS-CoV-2 in gastrointestinal tissues
causes changes in the fecal microbiome, even after the
elimination of SARS-CoV-2, where the evaluated pa-
tients continued to present impoverished symbionts and
intestinal dysbiosis. Additionally, the presence of some
microorganisms, such as Coprobacillus, Clostridium
ramosum, and Clostridium hathewayi, seem to be relat-
ed to the severity of COVID-19. Therefore, these chito-
san nanoparticles could offer benefits to patients both at
the pulmonary level, as well as in the gastrointestinal
reactions caused by SARS-CoV-2.

The use of nitric oxide (NO) nanoparticles can also
be an alternative in the treatment of COVID-19. A study
with SARS-CoV-1 observed that NO inhibits viral rep-
lication by the cytotoxic reaction from intermediary
agents such as peroxynitrite (Akerstrom et al. 2005).
Because SARS-CoV-2 infects endothelial cells, which
are a source of NO, carrying NO from nanoparticles
may be an alternative for NO replacement, as well as a
response to the viral attack on endothelial cells. In
addition to inhibiting viral replication, NO can prevent
the onset of inflammatory processes based on hypoxia-
reoxygenation/ischemia-reperfusion, control the cyto-
kine cascade, allow the removal of cell fragments, limit
lipid peroxidation and cell damage, reduce damaging
vascular permeability, and maintain adequate blood
flow (Adusumilli et al. 2020).

Abo-Zeid et al. (2020) carried out a molecular
docking study as a proposal to reuse iron oxide nano-
particles approved by the FDA to control SARS-CoV-2
infection. Iron oxide nanoparticles have been approved

Table 1 Nanotechnological products for the diagnosis of COVID-19

Test Manufacturer Country

COVID-19 Rapid POC CE-IVD NanoComposix USA

COVID-19 Rapid Test Cassette SureScreen Diagnostics Ltd UK

COVID-19 point-of-need diagnostic test Mologic Ltd UK

SAFER-sample Kit Lucence Diagnostics Pte Ltd Singapore

Source: Nanotechnology Products Database (2020)
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for the treatment of anemias, but some studies report
possible antiviral activity. According to the authors of
this work, the iron oxide nanoparticles can interact with
the domain connected with the S1-RBD protein recep-
tor, being this receptor used by SARS-CoV-2 in the
infection of host cells and they can be an alternative in
the treatment of COVID-19.

Zhang et al. (2020) developed cell nanosponges
using plasma membranes derived from pulmonary type
II epithelial cells or human macrophages. These
nanosponges attract SARS-CoV-2, as they have on their
surface binding receptors used by SARS-CoV-2 to enter
the cell. After being captured by the nanosponges,
SARS-CoV-2 is neutralized, preventing it from infect-
ing other cells (Fig. 2).

Itani et al. (2020) discuss the implementation of
theranostic nanoparticles focusing on intranasal ad-
ministration for the treatment of COVID-19.
Theranostic nanoparticles allow the combination of
specific targeted therapy based on diagnostic tools,
thus enabling the carrying of various therapeutic por-
tions such as siRNA, peptide, and antibodies. The
nanosystems allow the protection of therapeutic por-
tions against enzyme degradation, extend their resi-
dence and release time, ensure their co-delivery with
adjuvants, increase the concentration of conjugated
materials in the target cells, offer receptor-binding-
mediated targeting delivery, and potentiate the immune
system. Several types of theranostic nanoparticles have
been proposed as promising for intranasal administra-
tion, such as nanoparticles of organic, inorganic, and
virus-like or automatic-mounted proteins. These nano-
particles can be an alternative both for the development
of vaccines as well as in the development of drugs
against the SARS-CoV-2 virus.

The development of vaccines is one of the great
hopes of researchers, as it would be a powerful weapon
to prevent COVID-19 and provide a reduction in the
number of infections with a consequent reduction in
mortality. Nanotechnology has been a promising ally
for the development of vaccine prototypes. Re-
searchers at the University of Waterloo in Canada are
developing a DNA-based vaccine delivered through a
nasal spray, in which the goal is to administer modified
bacteriophages that stimulate an immune response in
the nasal cavity and tissues of the lower respiratory
t r a c t ( E r dmann a n d Ba r c i s z ew s k i 2 0 1 3 ;
Nanotechnology Products Database 2020). The vac-
cine provides designed nanomedicine that allows its

administration in a noninvasive manner, promoting
immunization and decreasing COVID-19 infection.
The virus-like particle (VLP) will be similar to the
structure of SARS-CoV-2, being harmless, thus
allowing the activation of the body’s natural immune
response and providing protection to viral infections
compatible with VLP, including SARS-CoV-2. Also,
this nanosystem may bind specific receptors to SARS-
CoV-2, thereby limiting possible transmission sites
(Nanotechnology Products Database 2020).

Also, seeking to develop a DNA vaccine, Entos
Pharmaceuticals is developing a Fusogenix DNA vac-
cine to prevent COVID-19 infection. The goal is to
promote the direct introduction of an antigen-encoding
plasmid that stimulates the immune response by stim-
ulating B and T cells. Entos’ Fusogenix platform is a
proteolipid vehicle that uses a new fusogenix mecha-
nism to provide its genetic load directly inside cells,
allowing it to generate protection mechanisms against
various structural components of SARS-CoV-2
(Nanotechnology Products Database 2020). Fusogenix
is a formulation of lipid nanoparticles that supplies
intact and unmodified molecules, directing in the cy-
tosol of target cells (Fig. 3). It can be applied to a
variety of therapeutic types, including gene therapy,
mRNA, miRNA, RNAi, CRISPR, and small molecule
medications (Kaczmarek et al. 2017; Nanotechnology
Products Database 2020; Entos Pharma 2020). The use
of plasmid DNA in a vaccine will allow the develop-
ment of an advanced optimized payload that encodes
various protein epitopes of the crucial immunogenic
proteins of SARS-CoV-2. These protein epitopes will
activate the natural production of antibodies in the
body, as well as the protective immune response for
the prevention of COVID-19 (Donnelly and Ulmer
1999; Kaczmarek et al. 2017; Entos Pharma 2020;
Saylor et al. 2020).

US researchers are developing a vaccine applying
the modified smallpox virus, designed to express a
virus protein that causes COVID-19. While researchers
in Canada have produced a particle similar to the
coronavirus virus, called VLP, they are also in search
of antibodies against SARS-CoV-2 for use as a vac-
cine. Also focused on strengthening the immune sys-
tem, GeoVax has used its experience with GV-MVA-
VLPTM vaccines to design and produce vaccine can-
didates using genetic sequences of SARS-CoV-2, in
which on this platform, the MVA, a large virus covers
carrying various antigens of the vaccine, expresses

J Nanopart Res          (2020) 22:276 Page 5 of 11   276 



proteins that group in the VLP immunogens of the
person receiving the vaccine, where the production of
VLPs in the vaccinated person mimics the production
of viruses in a natural infection, with this stimulating
the immune system (Nanotechnology Products
Database 2020).

Ufovax has developed an automatic-mount protein
nanoparticle vaccine platform (1c-SApNP) for a vac-
cine against SARS-CoV-2. The vaccine prototype pre-
sents parts of SARS-CoV-2 proteins that protrude from
a scaffold of protein nanoparticles, aiming to stimulate
the immune response and stimulate the development of
antibodies to neutralize SARS-CoV-2. This same plat-
form has already been used as a promising candidate
for vaccines to cope with HIV, HCV, Ebola, and RSV
(Nanotechnology Products Database 2020). The vac-
cine consists of self-assembling nanoparticles made of
proteins, identical to SARS-CoV-2, which proteins are

synthesized by inserting a single plasmid encoding the
relevant gene into a host cell, followed by one-step
expression and two subsequent purifications. The com-
pany points out that the large-scale production process
of these vaccines has been validated by external indus-
trial partners (Nanotechnology Products Database
2020).

Another proposal vaccine is being developed by
Arcturus Therapeutics in the USA. The proposal is to
combine a self-replicating RNA with LUNAR®, which
is a non-viral release system of nanoparticles, to produce
proteins within the human body. In preclinical models,
the researchers found that STARRTM technology is
effective at extraordinarily low doses—30 times more
efficient than traditional mRNA (Nanotechnology
Products Database 2020). Table 2 shows examples of
vaccine proposals that were designed and are currently
being tested against COVID-19.

Fig. 2 Cell internalization mechanism of SARS-CoV-2 after binding with receptors (a) and mechanisms of action of nanosponges in the
inactivation of SARS-CoV-2 (b)

Fig. 3 Mechanism of action of
fusogenix based on lipid
nanoparticles
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Nanotechnology for the development of personal
protective equipment

It is known that the main route of transmission of SARS-
CoV-2 is through the nasal route. With the lack of
effective treatment and the high spread of the SARS-
CoV-2 virus, efforts have arisen to stop the virus trans-
mission either through social distancing as well as the
reinforcement of hygiene methods. As an example is
advised the use of personal safety equipment for the
entire population, with the recommendation of the use
of masks, restriction of contact between people and care
with the hygiene of hands and shared use objects (WHO
2020b; Oliveira et al. 2020; Kissler et al. 2020).

Centered on the individual and collective care, nu-
merous companies are investing in products from the
nanotechnology field, aiming for the creation of per-
sonal protective equipment, as well as for the develop-
ment of cleaning products that protect against COVID-
19. Studies highlight the importance of silver nanopar-
ticles in antimicrobial infections, presenting long-
lasting activity and a safety profile (Durán et al.
2010; Marassi et al. 2018; Lee et al. 2019; Simbine
et al. 2019; Dung et al. 2020). With this, silver nano-
particles have been considered the most useful metal
disinfectant against bacteria, viruses, and other eukary-
otic microorganisms due to the constant release of
silver ions by slow oxidation (Wang et al. 2019). Silver
nanoparticles can be applied in a practical way in our
daily life, in different sectors, such as silver-based air/
water filters, textiles, animal husbandry, biomedical

and food packaging, among other applications
(Deshmukh et al. 2019).

SHEPROS has developed a silver nanoparticle-based
disinfectant that can be used in handwashing, which
ensures that it kills 99% of germs and bacteria. Still
aiming to seek product disinfection, NanoTouch has
developed scarves that allow the disinfection of door
handles, elevator buttons, and rear telephone, protecting
them against the SARS-CoV-2 virus. The scarves are
based on mineral nanocrystals that create an oxidation
reaction, continuously oxidizing organic contaminants
for 24/7 (King et al. 2018; Nanotechnology Products
Database 2020).

Graphene has a good capacity for viral inhibition.
The large graphene surface provides the largest contact
area of the ligand for the adsorption of negatively
charged sulfates, where they can interact with the pos-
itively charged residues of the virions and block these
microorganisms (Palmieri and Papi 2020). Graphene
has shown activity against African swine fever virus,
orthopoxvirus strains, and herpesviruses (Ziem et al.
2016; Ziem et al. 2017). When functionalized in nano-
particles, graphene presented activities against herpes
simplex viruses type 1 (Ziem et al. 2016) and respira-
tory syncytial virus (Deokar et al. 2017; Yang et al.
2017). The use of graphene is extensive, including the
area of textile products to control the spread of the
pandemic (Palmieri and Papi 2020). US researchers
have developed a mask using graphene that prevents
the growth of bacteria on its surface and is effective at
stopping 99% of particles above 0.3 μm and 80% of
particles smaller than 0.3 μm. Researchers in the UK
have also developed a graphene mask to protect against
coronavirus. Promethean Particles has been develop-
ing, in association with textile companies, using copper
nanoparticles designed for use in personal protective
equipment in fabrics (Nanotechnology Products
Database 2020).

Following another path, the University of Houston
has proposed coating respiratory masks with a hydro-
phobic material, and this material can provide the
most resistant mask to SARS-CoV-2. Another mask
developed was the MVX Nano Mask™, which ac-
cording to the manufacturers, is a sanitizing and self-
cleaning mask capable of killing 99.9% of all viruses
and bacteria that come into contact, being effective
against coronavirus. Another mask also developed
based on nanoparticles is ReSpimask®, which uses
copper oxide nanoparticles, where, according to

Table 2 Vaccines developed based on nanotechnological prod-
ucts to prevent COVID-19

Vaccine Manufacturer Country

Vaccine with DNA Mediphage Bioceuticals Inc Canada

TNX-801 Tonix Pharmaceuticals Holding
Corp.

USA

VLP Medicago Inc Canada

GV-MVA-VLPTM GeoVax Inc USA

DNA Fusogenix Entos Pharmaceuticals Canada

Matrix-M™ Novavax Inc USA

Vaccine
mRNA-1273

Moderna Inc USA

Ad5-nCoV Cansino Biologics Inc China

1c-SApNP Ufovax LLC USA

STARR™ Arcturus Therapeutics Ltd USA

Source: Nanotechnology Products Database (2020)
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producers, they have a filtration efficiency of 99.9%
for viruses and bacteria (Nanotechnology Products
Database 2020).

In addition to allowing the development of masks,
nanoparticles are also being used to simulate the expo-
sure of masks to the SARS-CoV-2 virus. Lustig et al.
(2020) developed aerosols containing fluorescent virus-
like nanoparticles to track transmission through mate-
rials that help greatly in the accuracy of detection. The
authors noted that materials with absorbent hydrophilic
layers and hydrophobic barrier layers are effective in
preventing the transmission of the virus.

Besides masks and cleaning products, some puri-
fiers are also being provided to prevent airborne infec-
tion by SARS-CoV-2. TEQOYA has developed the
TeqAir 200 air ionizer purifier. Another purifier pro-
posal is produced in Finland that allows the purifica-
tion of buildings and public offices, based on AAVI
technology® IonJet. American researchers have also
developed a purifier that captures 99.5% of viruses and
bacteria from 6 to 12 air exchanges per hour
(Nanotechnology Products Database 2020). Given the

above information, we summarize in Table 3 several
products used to protect against SARS-CoV-2
infection.

Conclusion

Since the discovery of nanotechnology, the develop-
ment of nanoscale products has enabled a growth in
several fields. Initially, occurred an evolution in the
area of technology. However, recently with the im-
plementation of nanomedicine, that aims to enhance
the therapeutic effects of drugs, as well as to reduce
their toxicity, it was observed a significant improve-
ment on therapeutic care of numerous diseases, from
cancer to several infections. Amid the pandemic we
are experiencing, and with the extensive knowledge
that scientists have developed over the years, nano-
technology seems to play a key role against COVID-
19.

The appropriate knowledge of pharmaceutical
nanotechnology has promoted the development of con-
trolled release nanosystems that target drugs to the
respiratory system, as well as the development of prod-
ucts that assist in the rapid and effective diagnosis of
COVID-19, as well as in the development of protective
equipment that prevents infection by SARS-CoV-2,
being in this sense hope against COVID providing
the resumption of the routine of people around the
world.
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Table 3 Nanotechnological products for individual and collective
prevention against COVID-19

Products Manufacturer Country

Nano Silver
Multipurpose
Sanitiser

SHEPROS SDN. BHD. Malaysia

Guardian G-Volt LIGC Applications Ltd. USA

G+Fibrics Directa Plus PLC UK

Antiviral fabrics Promethean Particles Ltd UK

Respiratory masks Integricote Inc USA

NanoSeptic NanoTouch Materials,
LLC

USA

Nano Mask™ MVX Prime Ltd UK

ReSpimask® RESPILON Group s.r.o. Czech
Republic

Nanofiber mask YAMASHIN-FILTER
CORP.

Japan

NanoHack Copper 3D Antibacterial
Innovations

Chile

TeqAir 200 air ionizer TEQOYA France

AAVI Leaf® AAVI Technologies Co. Finland

HealthPro® Compact
Air Purifier

Turn-Key Environmental
Consultants

USA

Mack Antonoff HVAC Mack Antonoff HVAC USA

Air Decontamination
Units

Genano Ltd Finland

Source: Nanotechnology Products Database (2020)
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